Abstract-With the background of the development of Aircraft Anti-skid Braking System, a new aircraft ElectroHydrostatic Actuator (EHA) of a certain model fighter is designed to meet the need of the braking system. The paper describes the principle of work and features of the EHA, and gives the specific requirements of the system. The selection and performance of the motor, pump and hydraulic cylinder are optimized. Then, the paper describes the principle of work and features of the EHA, models and simulates it with MATLAB/Simulink., and analyzes the effects of all structural parameters on the performance. The results of EHA reach the design target of dynamic performance. Finally, the whole model of the aircraft system is built and established based on the EHA model and results. The results of the dry runway condition verify the correctness of the EHA design, so the Hydro Actuator of traditional aircraft anti-skid braking system could be replaced by EHA.
I. INTRODUCTION
With the development of technology, aircraft is moving towards the developing direction with safer, higher reliability and higher performance. Meanwhile, a higher standard is also asked in Conceptual Aircraft Design [1] . As an important component of airborne equipments, antiskid braking system is closely related to whether the aircraft can take off and land safely. Security of the aircraft and onboard inspectors is directly affected by the performance of anti-skid braking system [2] . Actuator plays an important role in the whole anti-skid braking system, and its performance make the aircraft anti-skid braking system experience form Hydro Actuator to Electro-Hydrostatic Actuator and Electro Actuator. Above all, the Electro-Hydrostatic Actuator (EHA) obtains more and more attentions due to its small volume and great efforts. Meantime, with flexibility of motor control and high hydromantic efforts, EHA would replace hydraulic servo -system with Electro-hydraulic servo valve in some cases. Power transmission among each institutions of the second aircraft power generation can be transported and controlled by wire equipped with EHA, with which hydraulic circuit can be shorten. The similar advantages are given as follows [2, 3] : better reliability, viability, maintainability and efficiency. Furthermore, it sharply enhances the performance of aircraft and attendance, and saves expenditure. This makes a stirring of interest in studying EHA. From 20th century 70's [4, 5] , the foreign researchers have begun to research and use EHA as a power electro-drive system. On this subject, our researches at the early-stage and most of researches go into the principle of reasoning and patter design step.
In this paper, firstly, EHA's principles and characteristics are studied. At the same time, each components of EHA and its whole system model are built. Control algorithm and PID controller are designed, and the sub-system is simulated in MATLAB/Simulink. Secondly, the whole model (including EHA system) of the aircraft system is built and established. The results of the system on dry runway condition have reached the design target of dynamic performance and verified the correctness of the EHA design.
II. SYSTEM DESIGN AND CONTROL METHOD FOR EHA

A. System design
The EHA, designed in the paper, its system principle diagram is shown in Figure 1 . Including: controller, BLDCM, constant flow reversible pump, double acting cylinder, accumulator, no-return valve and etc.
The EHA system is controlled by the controller, which receives outside control signals and feedback signals, to control the motor rotation speed. The pressure of the system needs to be supplied by the accumulator, which keeps system pressure at a steady-state value without big fluctuations. The no-return valve forbids the oil flow to accumulator, keeping the whole system's closed loop characteristic. Figure 2 . Performance quality of the EHA is directly depending on the serve quality of motor rotation speed. Dual-loop (including current loop and rotation loop) PID controller is designed to enhance the motor rotation speed accurately. By adjusting the parameters of the current regulator and speed regulator parameters, we can achieve precise control of motor speed, the quantitative control of pump speed and direction of rotation, and then control the quantitatively pump output flow, so as to achieve the purpose of controlling actuator output efforts. while the current regulator parameters setting as:
III. MATHEMATICAL MODEL
A. Motor-pump model
In motor-pump section, brushless DC motor is selected. Dual-loop PID speed control method is designed to meet a higher control precise. The pump, driven by the motor, directly connects to the motor. According to motor armature balance equation
Current regulator equation
Motor mathematical model, with dual-loop control method is shown in Figure 3 , and is achieved by (1) ~ (5). Figure 4 . Accordingly, we can conclude that the motor works in a short reaction time, witch can satisfy the requirements of the whole EHA system. Motor-pump coaxial connected [6] , the motor-pump model, shown in Figure 5 , can be getting by the inertia, damping coefficient, friction torque and the sum of load torque of hydraulic pump and motor be equivalent to the motor side. 
B. Actuator model
In the mathematical model of hydraulic system prior to make the following assumptions:
(1) Ignored the impact of the one-way valves and piping;
(2) The pump and the accumulator constitute a closed system.
The EHA system can be as a inertia section [7] , the hydraulic actuator system which can be simplified disrupted as [8] 
C. Aircraft model
To simplify the complexity of the aircraft object, the model can be built under the following assumptions [7] :
a. The aircraft is regarded as a rigid body; b. The landing gear strut is regarded as rigid body, which neglects the vertical, the lateral and the torsion deformation; c. The earth curvature is neglected; d. The earth is regarded as the inertial coordinate system. Aircraft landing roll force as shown in Figure 7 . In the Figure, 
N and acceleration of aircraft a can be calculated from (7).
D. Wheel and landing geer model
The ground forces aircraft through the landing gear when the aircraft taxing on the runway, so the dynamics and kinematics of the aircraft can be impacted by landing gear. The main function of the landing gear, which is to improve the vertical and longitudinal direction force of the aircraft, is to make a sense of prop and buffer. By consulting materials of buffer characteristics, the landing gear can be simply described as follow: 
E. Brake apparatus model
Brake apparatus, which located in the wheel hub, is an important part of the aircraft. Due to the existence of the piston spare travel and the spring pre-compression, the brakes produce a dead zone. Additionally, the piston friction and other factors leading to static torque characteristics of the brake presents a more specific hysteresis(Described by the formulator 8).In MATLAB, the brake apparatus is established shown in Figure 9 , according to the formulator [1] . Establishing the brake apparatus model aims to determine the function relationship between the aircraft brake pressure and braking torque. The relationship can be determined according to the status of scientific research and experimental data [6] . 
IV. SYSTEM SIMULATION AND RESULTS
A. EHA simulation and results
In MATLAB/Simulink, the EHA model has been built and simulated its performance. Finally, combined with a certain aircraft, the aircraft anti-skid braking system model has been built and studied. EHA simulate model is shown in Figure 10 , aircraft system simulation model shown in Figure 16 .
In Figure 10 , using step signal as input signal injected into EHA system from the "signal" input port. "x", actuator trip, express the EHA output. Figure 15 indicates that the EHA system reaction time is very short and can speedily achieve stable state. After injecting load, the system could quickly return to the steady state. The system has a quickly response speed, therefore it could satisfy the request of the rapidity and precision of the whole system. 
B. System simulation result
The aircraft system simulation model shown in Figure  17 .Inclouding: aircraft body block -"aircraft body", anti-skid braking controller block -"controller", ElectroHydrostatic Actuator block -EHA and braking apparatus-"brake apparatus", each of which has packed into one whole block. 。Simulation curve can be the best to fit the actual braking curve. Especially in low-speed section, skidding can be well controlled when aircraft rolling out, then reduces the aircraft failure speed. The result verifies the correctness of the EHA design.
V. CONCLUSION
The paper designs integration Electro-Hydrostatic Actuator for aircraft anti-skid braking system. Having studied each part of the EHA system, dual-loop PID speed controller of the motor used in EHA has been designed. The EHA model has been built and established in MATLAB, and the simulation results are shown stable, fast response and small static characteristics of the designed EHA system. EHA actuator, instead of using the traditional hydraulic system, can reduce the take-off and landing of aircraft weight, and increase aircraft maneuverability. The simulation results are closed to aircraft actual working process of braking system. The model designed in the paper can be used for exploration update, more optimization of control algorithms and the introduction of new anti-skid braking apparatus, and also can be used to seek the best control methods and optimal control parameters, which has important reference value.
